Research into artificial social agents aims at constructing these agents and at establishing an empirically grounded understanding of them, their interaction with humans, and how they can ultimately deliver certain outcomes in areas such as health, entertainment, and education. Key for establishing such understanding is the community's ability to describe and replicate their observations on how users perceive and interact with their agents. In this paper, we address this ability by examining questionnaires and their constructs used in empirical studies reported in the intelligent virtual agent conference proceedings from 2013 to 2018. The literature survey shows the identification of 189 constructs used in 89 questionnaires that were reported across 81 papers. We found unexpectedly little repeated use of questionnaires as the vast majority of questionnaires (more than 76%) were only reported in a single paper. We expect that this finding will motivate joint effort by the IVA community towards creating a unified measurement instrument.
INTRODUCTION
In this paper we open a discussion about methodological issues that exist in human-computer interaction (HCI) and specifically in the evaluation of Artificial Social Agents (ASA). ASAs, such as intelligent virtual agents (IVA) and social robots, are computer controlled entities that can autonomously interact with humans following the social rules of human-human interactions. In this paper, we Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner/author(s). show our progress in addressing one particular methodological issue by creating a meta model of the constructs that researchers are interested in when studying ASAs where we limit our scope to user evaluations in IVA research.
The motivation of this work is driven by the crisis of methodology that the social and life sciences are facing as the results of many scientific studies are difficult or impossible to replicate in subsequent investigation (e.g. [11] ). The Open Science Collaboration [3] observed, for example, that the effect size of replications was about half of the reported original effect size and that whereas 97% of the original studies had significant results, only 39% of the replication studies had significant results. In fact it has been suggested that more than 50% of psychological research results might be false (i.e. theories hold no or very low verisimilitude) [7] . Many of the methods employed by Human-Computer Interaction (HCI) researchers come from the fields that are currently in a replication crisis. Hence, we ask the question "do our studies (in this paper we focus on user evaluations of intelligent virtual agents) have similar issues?"
A variety of ideas to improve research practices have been proposed and it is likely these ideas can be beneficial to the methods used in the field of HCI. Some actionable points leading to open and reproducible science are pre-registration of experiments, replication of findings, collaboration and education of researchers. While discussing each of these (and potentially more) issues is beyond the scope of this paper, it is clear that the replication crisis needs our attention.
The main question of this paper is what is the IVA community currently measuring of the interaction experience? Although several measuring techniques exists, e.g. behavioral measures, physiological measures, and observational measures, in this paper we limit the scope to questionnaires because of their popularity. We conducted a literature survey and examined the reported questionnaires and their constructs. This we argue gives an insight into the ability to replicate results which requires agreement in what to measure and with what measuring instruments. We finish the paper with the future plans to establish a standardized ASA evaluation questionnaire. As we reflect on our methods it makes sense to discuss in general our scientific methods and practices, we therefore welcome critical and constructive input, on this work, and in the discussion on methodology in HCI. 1 
METHOD
We reviewed and collected constructs from empirical user studies reported in IVA conferences from 2013 to 2018 (Figure 1 ). For this, the first author screened 215 full and short papers presenting empirical user studies at the abstract and full-text stages. After reading the abstracts, 152 papers conducting empirical analysis in their user studies were included. Then, 84 papers remained for inclusion after a full-text review, as these papers used questionnaire instruments for their empirical analysis. A second independent coder double coded 60 randomly selected papers (i.e. 10 papers for each year). Both coders have a computer science background. High intercoder reliability was achieved in the abstract and full-text reviews, respectively, 95% (Cohen's kappa κ = .87) and 82% (κ = .64). The next step was to extract the measurement constructs from the selected questionnaires. A construct expresses the specific phenomenon or aspect, e.g. naturalness, bonding, or trust, a questionnaire tries to capture. In a questionnaire, a construct is measured by a single or set of items. Some studies clearly provided their questionnaires with the measurement constructs. However, other studies only listed the goals they aimed to measure, only reported a set of questions, or simply gave references to existing questionnaires, often without clarifying which items had been included or whether any had been modified. We interpreted the measurement goal of these constructs based on the full-text assessment. Furthermore, we did not include those constructs that: (1) measured constructs that were predefined prior the interaction, e.g., user's demographics and context of interaction; and (2) measured context-dependent actions or behaviors (e.g. food intake or study time) or contextdependent expected results (e.g. weight loss, exam score). The first exclusion criterion aimed to exclude exogenous constructs that are determinants of the experience of interaction with ASA, while the second criterion aimed to exclude exogenous constructs where the interaction with ASAs could be seen as determinants for these 1 Join our efforts at: https://osf.io/6duf7/ factors. Based on these criteria, 3 papers were removed as all their constructs met exclusion criteria. We included constructs that at least measured interaction between a human user and artificial social agents. This covered different agent types, contexts, domains and development stages of IVA research. The list of collected constructs completed with their references and questionnaire items (if available) can be found in [4] .
From the 81 papers that we extracted, 189 constructs measured human interaction with ASAs [4] . For each construct the name, its measurement goal, and the questionnaire items were retrieved. The questionnaire items of 70 constructs could not be found. The first author extracted all measurement constructs. To measure the reliability of these constructs, another independent coder with a computer science background double coded a sample of 25 papers. Independently the coders identified a total of 71 constructs, whereby 61 were identified by both coders, resulting in 86% agreement.
RESULTS
The use of evaluation questionnaires in IVA papers has increased over the past six years: from 16% (2013) to 63% (2018) of accepted full and short papers (Figure 2) . From the 81 studies investigated, 25 developed new questionnaires while 56 studies used or adapted existing questionnaires. Existing questionnaires could be either previously published as an IVA paper or retrieved from other literature. In addition, 27 studies combined more than one of these existing questionnaires. From 64 existing questionnaires applied in studies, only 7 of them were used by more than two studies, while 43 were used only once. Combining with studies that developed their own questionnaires, 68 questionnaires were used only once. Table 1 shows the most frequently used questionnaires and the number of times it was used. In particular, 14 studies reported by researchers from one research group consistently adapted one set of questions measuring the users' attitude towards the interaction with an agent and their satisfaction.
It appears that the number of new measurement constructs has not reached its saturation (Figure 3 ). Each year new constructs were introduced without observing any decline in this trend. In 2018 alone, 62 new constructs were introduced (which we extracted from 26 studies). Yet, some studies (15 out of 56 studies) used a combination of existing questionnaires with newly developed constructs. There were variations in the scope of use of measurement constructs and in the level of abstraction of constructs. Some constructs aimed at measuring a specific aspect, while others assessed multiple aspects. An example of a specific construct measured the degree of the user's trust toward an agent (e.g. in [14] ). On the other hand, the construct 'quality of interaction' assessed the overall quality of interaction [12] . This included, among other things, a questionnaire item about trust. Thus, one construct might measure different aspects within that single construct. In addition, the application of the same questionnaire might vary. For example, the Working Alliance Inventory questionnaire [6] was applied in [15] to measure the user's attitude toward an agent, while in [8] it was used to measure the collaboration and trust between the user and an agent. These observations have implications for the development of a theoretical model of measurement constructs that takes into account the relation between the identified constructs.
DISCUSSION AND CONCLUSION
We began this paper by noting that a methodological crisis is looming over the research in the field of HCI and specifically over the evaluation of IVAs. In this paper, we focus on the community's ability to make claims about how humans experience the interaction with an ASA. After examining the literature, we observed a relatively low level of reuse of questionnaires, and a continuous trend of studying new constructs. We therefore argue that we should move towards creating a unified measurement instrument, which researchers could use as a common base to measure a set of shared constructs to describe the interaction experience with an ASA.
The work presented in this paper is part of a larger effort that includes all sub-fields of the ASA community and aims at developing a validated standardized questionnaire instrument for evaluating human interaction with ASAs. To achieve this, we have put forward a plan consisting of multiple steps, including: (1) Determine the conceptual model (i.e. examine existing questionnaires and foster discussions among experts); (2) Determine the constructs and dimensions (i.e. check face validity among experts and grouping of existing constructs); (3) Determine an initial set of constructs items (i.e. content validity analysis: reformulate items into easy to understand and 'ASA-appropriate' questionnaire items); (4) Confirmatory factor analysis to examine construct validity; (5) Establish the final item set with the provision to create a long and short questionnaire version; (6) Determine criteria validity (i.e. predictive validity: agreement with predicted future observations) and concurrent validity (e.g. agreement with other 'valid' measures); (7) Translate the questionnaire; and (8) Develop a normative data set. We have set up an open work-group to share ideas and to help implement the necessary steps. Currently, over 70 people participate in the work-group's open science framework platform and we hope more people will join. Ultimately, this will help us to address the methodological issues that we, as a relatively young field, face.
